I
t is now clear that enzymes that modify chromatin play particularly important roles in the regulation of gene expression (1) . Many of these enzymes function by covalently modifying the N-terminal tail regions of histone proteins, which serve to package the DNA into chromatin. These enzymes include histone acetyltransferases (HATs), histone deacetylases (HDACs), methyltransferases, ubiquitinases, and kinases (1) . Although histone acetylation and deacetylation are generally associated with gene activation and silencing, respectively, methylation and phosphorylation have been correlated with both transcriptional activation and repression, depending on the specific site and context of the modification (1, 2) . Moreover, it now appears that many of these modifications act synergistically (3) . In addition to their processing of histones, HATs have been found to catalyze acetyl transfer to many nonhistone cellular proteins, such as p53, MyoD, and E2F-1, to promote gene activation (4) .
Many of the enzymes that regulate the histone acetylation balance have been correlated with human disease (5) . For example, the cAMP response element binding protein (CREB)-binding protein (CBP) HAT forms translocation products with mixed lineage leukemia and monocytic leukemia zinc-finger protein, another HAT, in a subset of acute myeloid leukemias; and acute promyelocytic leukemias harbor retinoic acid receptor translocation products, which are thought to mediate their neoplastic phenotype through the aberrant recruitment of HDACs (5) . In addition, the p300 HAT is mutated in a subset of colorectal and gastric cancers and the AIB1 HAT is gene-amplified or overexpressed in a significant subset of breast cancers (5) .
As a result of the importance of acetylation in cellular function and human cancer, HATs and HDACs are attractive molecules for targeted inhibition. Indeed, the natural products trichostatin and trapoxin that induce tumor cell growth arrest, differentiation, and͞or apoptosis are examples of potent HDAC inhibitors (6) . In addition, several HDAC inhibitors have been shown to have impressive antitumor activity in vivo and are currently in phase I or II clinical trials (6) . A structure determination of a bacterial HDAC homologue bound to the inhibitors trichostatin and suberoylanilide hydroxamic acid has further facilitated the structure-based design of HDAC-specific inhibitors and provided important insights into HDAC reaction mechanism (7) .
Since their isolation in 1995-1996, the development of inhibitors for the HATs has progressed relatively slowly. We recently reported on the development of a series of peptide-CoA conjugates that displayed selectivity for the GCN5͞p300͞CBP-associating factor (PCAF) or CBP͞p300 subfamily of HAT enzymes (8) (9) (10) . In addition, we have reported on the crystal structure of the GCN5 HAT in various liganded forms (11) . These crystal structures, together with additional mutational and biochemical data (12) , reveal that catalysis proceeds through a ternary complex mechanism, whereby a glutamate residue located within a structurally conserved core domain functions as a general base for catalysis. We also show that N-and C-terminal domains, which diverge structurally from other N-acetyltransferases, contribute to histone H3-specific binding.
We now report on the crystal structure of the GCN5 HAT bound to a peptide-CoA conjugate, containing CoA covalently attached through an isopropionyl linker to the lysine -amino group of an N-terminal 20-aa fragment of histone H3 [H3-(Me) . We also report on biochemical analysis of the PCAF human homologue of GCN5, as well as analysis of a PCAF mutant, harboring a mutation inferred from the structure to affect inhibitor binding and catalytic turnover. Together, these studies provide insights into the mechanism of catalysis by the GCN5͞PCAF HAT enzymes and suggest a structural scaffold for the design of improved HAT inhibitors that may have antineoplastic applications.
Ϸ2 mg͞ml and stored at Ϫ80°C in 50 mM Na͞Hepes (pH 7.0), 250 mM NaCl, 5 mM DTT, and 10% glycerol.
Preparation of HAT Inhibitors. The peptide-CoA conjugates were synthesized by using a strategy as described (8) , except that the bromopropionylated intermediate was prepared on resin and purified before solution-phase reaction with CoASH (detailed in Supporting Methods, which is published as supporting information on the PNAS web site, www.pnas.org). In analogy to previous efforts in which bromopropionyl coupling to an amine resulted in stereochemical scrambling at the chiral center (18), we have likely obtained an HPLC-inseparable 1:1 epimeric mixture of both the H3-(Me)CoA-7 and H3-(Me)CoA-20 compounds. Purity of the peptide-CoA conjugates was confirmed to be Ͼ95% pure by HPLC. Structural identities were confirmed by matrix-assisted laser desorption ionization-MS.
Cocrystallization and Data Collection. The tGCN5 HAT domain was cocrystallized with the H3-(Me)CoA-20 inhibitor by using hanging drop vapor diffusion at 20°C. A 2.0-l complex solution, containing 1.0 l of the protein-inhibitor complex (0.36 and 0.58 mM, respectively) and 1.0 l of the reservoir solution [2.0 M (NH 4 ) 2 SO 4 , 0.1 M Na cacodylate, pH 6.6, and 0.2 M NaCl], was equilibrated over a 1-ml reservoir. Crystals grew to average dimensions of 50 ϫ 100 ϫ 200 m 3 in 2-4 days and were harvested into reservoir solution supplemented with 25% glycerol and immediately flash-frozen in liquid propane. Diffraction data were collected on the 19-ID beamline at the Advanced Photon Source of Argonne National Laboratory, Argonne, IL at a single wavelength ( ϭ 1.0082 Å), and the data were processed with the HKL2000 program suite (14) ( Table 1 ). The complex crystallized in the P2 1 2 1 2 1 space group with cell dimensions of a ϭ 67.42, b ϭ 67.83, and c ϭ 74.50 Å and two molecules per asymmetric unit.
Structure Determination and Refinement. The structure of the tGCN5͞H3-(Me)CoA-20 inhibitor complex was determined by molecular replacement with the program AMORE, using the tGCN5 ternary complex structure as an initial model (11, 15) -20) were fixed at 10 M; the reaction buffer contained 50 mM Tris⅐HCl (pH 8), 1 mM DTT, 0.1 mM EDTA, and 50 g͞ml acetylated BSA. Reactions used purified enzyme at concentrations of 0.2-5 nM for the WT and 10-30 nM for the Y638A PCAFcat mutant, as needed. Assays were carried out at 30°C with reaction volumes of 30 l. Reactions were initiated with enzyme after the other components equilibrated at 30°C and quenched after 3-6 min with 6 l 6ϫ Tris-tricine gel loading buffer (10) . Mixtures were separated on 16% SDS Tris-tricine polyacrylamide gels and dried, and radioactivity was quantified by PhosphorImage analysis (Molecular Dynamics) by comparing to known quantities of 14 C-labeled BSA standard (NEN Life Science Products). All assays were performed at least twice and agreed within 20%. Enzyme activities were demonstrated to be linear versus enzyme concentration and time in the concentration ranges used. Rate measurements were based on initial conditions (less than 10% consumption of the limiting substrate). In inhibition assays, the specified amount of inhibitors were added and in all cases were at least 5-fold greater than the enzyme concentration used (Figs. 6 and 7, which are published as supporting information on the PNAS web site). For K m (apparent) measurements, a range of, at least, five substrate concentrations was used at fixed concentration of the second substrate [10 M acetyl CoA (AcCoA) or 180 M H3-20]. The data were fitted to the Michaelis-Menten equation, v ϭ E*k cat *S͞(K m ϩ S), using a nonlinear least-squares approach.
Results and Discussion
Design and Characterization of Peptide-CoA Conjugates. Our previous studies demonstrate that histone H3-derived peptide-CoA conjugates linked through an acetyl bridge between the peptide substrate and CoA could make potent inhibitors of the PCAF HAT. In analogy to enhanced inhibition of a weakly conserved GNAT superfamily member serotonin N-acetyltransferase by a bisubstrate analog containing an additional methyl group (18), we synthesized peptide-CoA conjugates containing an isopropionyl bridge (Fig. 1 ). This additional methyl group can serve to restrict rotational freedom and potentially provide enhanced hydrophobic interaction mediated by the methyl of AcCoA. We prepared two such mole- (Fig. 1 ). These compounds were evaluated as inhibitors of the human PCAF (hPCAF) HAT as well as tGCN5, using a standard HAT assay involving 14 C-AcCoA and a 20-residue histone H3 peptide. A comparison was made between the H3-(Me)CoA-7 and H3-(Me)CoA-20 compounds and their nonmethylated counterparts ( Table 2 ). As can be seen in summary form in Table 2 , H3-(Me)CoA-20 was Ϸ4-fold more potent as a hPCAF and tGCN5 inhibitor compared with H3-CoA-20, assuming that only 50% of the epimeric mixture of H3-(Me)CoA-20 is responsible for the inhibition. The IC 50 of the H3-(Me)CoA-20 inhibitor was 0.36 M and 0.3 M for hPCAF and tGCN5, respectively. The 20-residue methylated inhibitors were also about 10-or 30-fold more active than the corresponding seven-residue inhibitors for PCAF and tGCN5, respectively. Together, the H3-(Me)CoA-20 molecule is the most potent GCN5͞PCAF inhibitor yet reported and these data reveal that the methyl moiety as well as residues outside the core 7 aa contribute to the potency of this compound. Based on previous kinetic characterization of H3-CoA-20 (10), it is likely that this compound is a competitive inhibitor versus AcCoA and a noncompetitive inhibitor versus peptide substrate, in accordance with an ordered BiBi kinetic mechanism (19) .
Structure of tGCN5 Bound to H3-(Me)CoA-20. To gain further insight into the molecular basis of inhibition by H3-(Me)CoA-20, this compound was cocrystallized in complex with the HAT domain of tGCN5 (residues 48-210). The two complexes in the asymmetric unit are essentially superimposable with rms deviations of 1.54 Å for all protein atoms and 1.12 Å for the inhibitor regions modeled in complex B (Table 1) . However, the atoms in complex B have higher average B factors than the corresponding atoms in complex A, reflecting more extensive crystal contacts in complex A and a higher degree of order. The protein molecules in the two complexes are essentially superimposable (with the exception of an inherently flexible C-terminal loop containing residues 184-198), consistent with an inherent flexibility within this region of the protein. In contrast, the peptide portion of the inhibitor shows significant differences in the two complexes. Whereas complex A reveals two ordered residues on each side of Lys-14 (residues 12-17) (Fig. 2a) , complex B does not contain interpretable electron density outside of Lys-14 of the peptide. Inspection of crystal contacts reveal no specific intercomplex interactions that affect the relative positions of the inhibitors in the two complexes, and we infer that the greater apparent order of the inhibitor in complex A is related to the greater overall order of complex A in the crystal lattice. With the understanding that the peptide portion of the inhibitor is inherently more flexible than the CoA portion, we will therefore restrict further discussion of the protein͞inhibitor structure to complex A, which contains more readily interpretable structural information for the tGcn5͞H3-(Me)CoA-20 complex.
A superposition of the tGcn5͞H3-(Me)CoA-20 complex with the ternary tGCN5 complex, containing CoA and a histone H3 peptide (11) , reveals that the central core (␤2-␤3-␤4-␣3) and N-terminal (␤1-␣1-␣2) domains are essentially superimposable, except for the ␣1-␣2 loop within the N-terminal domain. In contrast, the Cterminal domain shows significantly more divergence (Fig. 2b) . The C-terminal domain in the ternary complex contains a ␤5-␣4-␣5-␤6 topology, whereas in the inhibitor complex the ␣5 helix adopts a random coil conformation and the entire C-terminal domain is shifted inward toward the protein core domain by about 9 Å relative to the corresponding C-terminal domain of the ternary complex. Correlated with this movement, the peptide-binding site, which normally resides over the central core domain and is flanked by the N-and C-terminal domains in the ternary complex, is occluded in the inhibitor complex. Consequently, the peptide portion of the inhibitor is bound along the edge of the N-and C-terminal domains almost orthogonal to the peptide in the ternary complex (Fig. 2c) . In contrast to the divergent orientation of the peptide portion of the inhibitor, the pantetheine arm and pyrophosphate group of the CoA portion of the inhibitor are superimposable with the corresponding CoA region in the ternary complex and make very similar protein interactions in both complexes. The adenine base of the CoA and inhibitor adopt different conformations; however, this is unremarkable given that the adenine base does not make extensive contacts, in either the ternary or inhibitor complex structures, and adopts different conformations when compared with the structures of hPCAF (13), tGCN5 (11) , and other GNAT superfamily members (20, 21) . Taken together, the most dramatic differences between the tGCN5͞H3-(Me)CoA-20 inhibitor and ternary complexes are largely restricted to the C-terminal region of the HAT domain and the position of the peptide portion of the substrate and inhibitor. Another unexpected feature of the inhibitor complex is that only five of the 20 residues within the peptide portion of the inhibitor are ordered in the crystal structure, despite the fact that the H3-(Me)CoA-20 molecule is a considerably better inhibitor than the seven-residue counterpart [H3-(Me) . These results suggest that residues outside the seven-residue core may be important for an initial binding event but do not contribute to the final state that is apparently captured in the crystal structure. A superposition of the histone H3 peptide from the ternary complex onto the protein from the inhibitor complex, using the superimposable regions of the corresponding proteins for the overlay, reveals that the residues that play a particularly important role in blocking access of the peptide portion of the inhibitor to the normal substrate binding site are residues Asp-162 and Phe-164, of the ␤5-␣4 loop, and residues Lys-190 and Tyr-192, of the large loop preceding ␤6 (Fig. 2d) . Interestingly, each of these residues are mutationally sensitive for HAT activity (22) and all but Phe-164 are strictly conserved within the PCAF͞GCN5 subfamily of HAT proteins. The structure of the ternary complex also reveals that all but Lys-190 contact the histone H3 peptide. The apparent importance of these residues in occluding the normal substrate binding site suggests that the inhibited complex observed in the crystal structure may represent a physiologically relevant catalytic intermediate in which the structural rearrangements observed in the inhibitor complex serve to mediate nucleophilic attack and͞or peptide displacement by the enzyme.
Inhibitory and Enzymatic Analysis of hPCAF.
To test the hypothesis that the inhibitor complex that is observed in the crystal structure represents a catalytic intermediate, we mutated Tyr-638 of hPCAF, corresponding to residue Tyr-192 of tGCN5, to alanine and characterized the enzymatic and inhibitor binding properties of this mutant. Tyr-638 of PCAF is a particularly interesting residue to target for mutagenesis because it is strictly conserved within the GCN5͞PCAF subfamily and shows mutational sensitivity (22) , yet the structural significance of this residue had not been previously addressed. In the ternary tGCN5͞CoA͞histone H3 peptide complex, Tyr-192 showed only a few van der Waals interactions with the histone H3 backbone. However in the tGCN5͞H3-(Me)CoA-20 inhibitor complex, this tyrosine residue is located within a hydrophobic pocket lined by the aliphatic arm of the Lys-14 side chain of the inhibitor and several protein residues in the active site, including Tyr-84, Leu-88, Ala-124, Phe-125, Tyr-160, and Lys-190 (Fig. 3) . These observations suggest that this tyrosine may play a particularly important role in closing off the initial histone H3 binding site and facilitating acetyl transfer and͞or product displacement. We reasoned that if the inhibitor complex conformation, which was observed in the crystal structure, did correspond to a catalytic intermediate, then substitution of Tyr-638 in hPCAF (Tyr-192 in tGCN5) with an alanine would have a significant impact on the acetyltransferase activity as well as on bisubstrate analog binding.
A comparison of the steady-state kinetic parameters (Table 3) for the WT and Y638A mutant of PCAF shows identical AcCoA K m values. In contrast, the K m for the histone H3 peptide substrate is elevated by 2.5-fold with the mutant and the k cat is 18-fold lower with the mutant. These results are nicely rationalized by the crystal structure where alignment of the substrate lysine nucleophile is modestly perturbed in the ground state (2.5-fold reduction in binding) but more severely affected in the transition state where the k cat ͞K m is reduced by 45-fold for the acetyltransferase reaction. The acetyltransferase inhibition studies (Table 3) show the IC 50 values of the H3-(Me)CoA-20 for PCAF and PCAF(Y638A) to be 360 nM and 1700 nM, respectively. The nearly 5-fold reduction of inhibitor binding to the Y638A PCAF mutant clearly illustrates the importance of Tyr-638, and by extension the orientation of the C-terminal ␣5-␤6 loop region harboring this residue, in facilitating the binding of the inhibitor to the protein. Taken together, these results are consistent with the importance of Tyr-638 in peptide substrate recognition and catalysis, and we propose that the observed reduction in catalytic rate, caused by the Y638A mutation, may result from the altered mobility of the Tyr-638-bearing loop during enzyme turnover, as well as substrate misalignment during acetyl transfer.
Given the correlation between effects on catalysis and bisubstrate analog inhibitor binding, we hypothesize that the bisubstrate inhibitor complex observed in the crystal structure corresponds to a late catalytic intermediate. This hypothesis is consistent with transitionstate theory that correlates with the observations that the bisubstrate analog binds much tighter (Ϸ10,000-fold) than the peptide to PCAF and GCN5, and that the change in binding to a catalytically defective mutant is more pronounced than the peptide substrate.
Model for Substrate Binding, Catalytic Turnover, and Product Release.
The structural and enzymatic information obtained in this study is complemented by a comparison with other known tGCN5 complexes, which provide the basis for a proposed model of the conformational change of the GCN5͞PCAF enzyme as it relates to substrate binding, catalytic turnover, and product release. Specifically, we now have structural information for nascent tGCN5, tGCN5͞AcCoA, tGCN5͞CoA͞histone H3 peptide (11) and the putative catalytic intermediate formed before product release, which is derived from this study. In addition, we have the previously determined structure of a PCAF͞CoA (13) complex. The proposed model of the conformational change during catalysis is illustrated in Fig. 4 . The nascent tGCN5 structure provides the starting point of the model and is referred to as the ground state of the enzyme, E. The enzymatic reaction proceeds first by binding AcCoA (19) , denoted as E ϩ S AcCoA , accompanied by a small widening of the active-site cleft, formed largely by reorientation of the ␣1-␣2 loop in the N-terminal protein domain and the ␤5-␣4 loop and the loop preceding ␤6, both in the C-terminal domain. In the next step, the second substrate, histone H3, binds in an ordered BiBi mechanism (19) . Formation of the ternary complex, designated as E ϩ S AcCoA ϩ S H3 , results in an expansion of the active-site cleft to accommodate the bulky residues in the histone H3 tail. This protein rearrangement largely involves reorientation of the ␤5-␣4 loop and loop-␤6 region of the C-terminal domain. We then propose that acetyl transfer from AcCoA to the Lys-14-N of histone H3 is accompanied by a movement of the histone H3 substrate away from the initial binding site. This histone rearrangement is associated with protein movements of the ␣1-loop region of the N-terminal protein domain, as well as significant movement in much of the C-terminal domain of the protein (␤5Ϫ␣4 loop and the loop preceding ␤6), forming the putative ES CoA S AcH3 transition state intermediate. We propose that acetyl transfer may nucleate the protein movement, which in turn facilitates release of the acetylated histone H3 product. When the acetylated histone H3 product is finally released, it results in the generation of the E ϩ S CoA state, which closely resembles the ''closed'' ␣5Ϫ␤6 loop of the inhibitor complex, and the enzyme is primed for another round of AcCoA binding after release of the CoA substrate and return to the unbound E state.
Model for Substrate Binding and Recognition. In this study we show that the 20-residue H3-(Me)CoA-20 inhibitor is 10-to 30-fold more potent than the corresponding seven-residue inhibitor, despite the crystallographic observation that only five of the 20 residues of the H3-(Me)CoA-20 inhibitor are visible in the electron density map.
We propose that residues outside of the seven-residue core may be important for an initial binding event of the histone substrate, within the normal substrate-binding pocket. However, after lysine acetylation, this binding mode is short-lived relative to the binding mode of the acetylated histone, which we propose closely mimics the tGCN5͞H3-(Me)CoA-20 inhibitor complex reported here. It should also be mentioned that the apparent decrease in interactions between peptide substrate and enzyme might not be particularly energetically costly because of the relative increase in entropy of the disordered peptide residues in the bisubstrate inhibitor complex. It is also interesting to speculate that the structure of the bisubstrate analog complex may help explain altered PCAF and GCN5 sequence selectivity when present in multisubunit HAT complexes, such as SAGA and Ada in vivo (23, 24) . Moreover, it is possible that the additional proteins present in these complexes may help bypass the initial recognition events observed in the ternary complex structure and lead to a catalytic state that resembles the bisubstrate inhibitor complex.
Implications for the Structure-Based Design of Improved GCN5͞PCAF-Specific HAT Inhibitors. These studies indicate that the tGCN5͞H3-(Me)CoA-20 inhibitor structure reported here represents a late catalytic intermediate of the GCN5͞PCAF HAT enzymes. Unexpectedly, the structure reveals that the peptide portion of inhibitor is bound outside of the normal peptide-binding cleft and that only five of the 20 residues of the peptide portion have ordered structure. This result emphasizes the importance of determining the structure of an initial inhibitor complex in the design of second-and third-generation HAT inhibitors, rather than using the ternary complex as a model for inhibitor design. Not surprisingly, the pantetheine arm and pyrophosphate of CoA mediate extensive protein contacts (Fig. 5 ) consistent with the CoA contacts detailed in the binary and ternary HAT complexes (11, 13) , as well as several other CoA-using GNAT enzymes (25) . Indeed, these interactions likely provide a large degree of binding energy, but would be expected to exhibit a low degree of enzyme specificity. The introduction of the methyl group to the acetyl linker region of the inhibitor increases the potency of the compound against tGCN5 and hPCAF. The structure reveals that the bound linker has the (S)-configuration at the isopropionyl carbon (Fig. 5b) , confirming the hypothesis that only 50% of the epimeric mixture is contributing to inhibition. The linker region is located in a highly hydrophobic cavity, formed by residues Val-123, Phe-125, Leu-126, and Phe-169 of the protein, and we infer that the methyl group helps orient and enhance the binding of the target lysine within this cavity. The lysine side chain and the isopropionyl linker make extensive van der Waals interaction with Met-80 and Asp-162, but most notably with Tyr-192. Despite its apparent significance for initial binding, the peptide region of the inhibitor appears to make only a handful of interactions with the protein. The inhibitor peptide backbone makes two hydrogen bonds with the protein backbone via Asp-193 and Gln-76 (Fig. 5) . The peptide also makes van der Waals contact to two protein residues, Lys-79 and Asp-193, beyond those centered on the Lys-14 side chain discussed previously, which contribute to peptide binding. Surprisingly, the ''closed conformation'' of the ␣5-␤6 loop is not characterized by specific interactions with the inhibitor. Taken together, the structure of the tGCN5͞H3-(Me)CoA-20 complex reveals that the majority of protein-inhibitor interactions are concentrated around the pantetheine arm of CoA and the hydrophobic cavity surrounding the lysine side chain and ispropionyl linker region of the inhibitor. We have demonstrated that the analogous H3-CoA-20 inhibitor works poorly against p300, a member of the CBP͞p300 family of HATs (8, 10) , and also poorly against the Esa1 member of the MYST family of HAT enzymes (data not shown). We propose that, at least, part of the reason for this HAT selectivity is that the catalytic intermediate seen here is unique to the GCN5͞PCAF family of enzymes. This notion is consistent with recent enzymology studies showing that both p300 (9) and Esa1 (28) have catalytic mechanisms that differ from that of the GCN5͞PCAF family of HAT enzymes. Because the interaction of the CoA and lysine would be expected to be, at least, moderately conserved, substrate specificity would be derived from the interactions mediated by the peptide portion of the inhibitor with the protein. However, in this intermediate state, the reoriented inhibitor mediates modest peptide-protein interactions in this region. Optimization of the interactions in the lysine and acetyl region, combined with enhanced interactions at the peptide-protein surface, would provide a reasonable starting point for elaborating analogs of H3-(Me)CoA-20 with enhanced GCN5͞PCAF HAT specificity and potency.
A remaining challenge is to elucidate the specific roles of the disordered residues in binding affinity and specificity. Although both Lys-CoA and H3-CoA-20 are expected to show suboptimal pharmacokinetic properties because of their polarity and charge, effective use of even the original compounds has been made in cell culture systems by using microinjection, cell permeabilizing phospholipid, and appending Tat sequence (26, 27) (M.C., V. Sartorelli, and P.A.C., unpublished data). Based on the crystal structure, it should be possible to delete the adenosine-monophosphate of the CoA moiety of the bisubstrate analogs, which should further enhance bioavailability. Ultimately, it would be preferable to use the structural information obtained in this and subsequent iterations of peptide-CoA conjugates to move toward HAT inhibitors with inherently favorable pharmacokinetic properties.
In summary, the structure presented here provides insights into the catalytic mechanism of the GCN5͞PCAF HAT enzymes and the structural scaffold for the design of HAT-specific inhibitors. Because of the important role that HATs play in gene regulation and the involvement of HATs in human cancer, the further development of HAT inhibitors should provide important insights into the unique role played by different HAT families in gene expression and provide a therapeutic avenue for the treatment of cancer.
